ULTIWALL carbon nanotubes (MWCNTs) were added to poly-(vinyl alcohol) (PVA)/ sodium alginate (SA) bio-blend. PVA/SA was prepared with ratio (80/20) wt%. Different ratios of MWCNTs were added to PVA/SA blend to study the change in its physicochemical properties. The prepared films were characterized by Fourier transform infrared spectroscopy (FTIR), Scanning electron microscopy (SEM), Differentierties that are preferably al scanning calorimetry (DSC) and X-ray diffraction (XRD) analysis to confirm the good miscibility of the two biopolymers and the uniform distribution of the MWCNTs. Mechanical properties, thermal stability, morphological properties, and crystallinity of the polymer matrix before and after blending were evaluated. The enhancement of structural and mechanical properties was observed during the addition of MWCNTs. PVA/SA with the optimum concentration of MWCNTs hoped to be suitable for the field of drug delivery and other various medical applications.
Introduction
In the past few years, the use of individual polymers as a matrix was limited by the problems associated their limited physical and mechanical properties. So, blends have become technologically important because blending two or more polymers may be useful to modify some physical and structural properties of polymers [1] [2] [3] [4] , It includes physical combination of biopolymers leads to formation a new material with some properties that are preferable of any one of the component polymers [5, 6] , which can be used in different applications that cannot be achieved by one polymer alone.
Poly (vinyl alcohol) (PVA), is a semicrystalline polymer biocompatible, highly hydrophilic and thermoplastic polymer [7] . PVA is water-soluble, and its water solubility depends on its molecular weight and degree of hydrolysis [8, 9] . PVA is also nontoxic, good charge storage capacity, dopant-dependent optical and electrical properties and the potential material having high dielectric strength [10] .
Sodium alginate (SA), a natural biodegradable polymer with large relativemolecular mass, containing a long chain structures of polymannuronic acids and polyaluronic acid [11] , extracted from brown seaweed that grows in cold water regions [12] , and SA have unique properties such as non-toxicity, tasteless, biocompatibility, low cost and its biological origin [13, 14] .
A lot of applications have been reported for the copolymers including burn dressings, hydrogel membranes, tissue engineering and controlled drug delivery. Natural polymers such as sodium alginate have excellent biodegradability and biocompatibility but poor mechanical properties. This drawback can be overcome by using a synthetic polymer in combination with the natural polymer to obtain a modified polymer having desirable properties [15] . PVA interacts with SA through hydrogen bonds to form PVA/ SA composite films that are smooth, flexible, transparent and uniform [16] .
Multiwall Carbon nanotubes (MWCNTs) have received much attention in recent years not only due to its excellent physical and mechanical proprieties but also its wide range of potential applications [17, 18, and 19] . One of the most interesting applications of MWCNTs is the polymer/CNTs nanocomposites. The higher mechanical, thermal properties and verity of bonding functional groups of MWCNTs make them ideal candidates as reinforcing fillers in polymer nanocomposites designed for structure or functional applications [17, 18] . Recently, much research on a fabrication of biopolymers such as chitosan, [19] polycarbonate, [20] poly (methyl methacrylate), [21] and poly (vinyl alcohol) [22] with MWCNTs nanocomposites has been investigated. Two factors for MWCNTs as reinforcing fillers for polymers: homogenous dispersion in the polymer matrix and efficient adhesion between the sidewall of MWCNTs and the polymer matrix [23] [24] [25] .
In this work, we have added (MWCNTs) to PVA/SA bio-blend and characterized the prepared films by using various techniques to know the effect of MWCNTs on this blend to use in the medical application like drug delivery.
Experimental details

Materials
Poly (vinyl alcohol) (PVA) was obtained from Qualikems Fine Chemicals Pvt.Ltd M w =14,000. Sodium alginate (SA) powder was purchased from Sigma-Aldrich, United Kingdom. A Multiwalled carbon nanotube (MWCNTs) was supplied by Bayer Material Science AG, Germany.
Sample Preparation
Pure PVA and SA were dissolved in distilled water and mixed with PVA/SA ratio (80/20) Wt% with continuous stirring for 2 h to ensure the complete mixing of the two polymers. MWCNTs were added to the polymer solution with various concentrations which listed in the table (1) . To ensure the good dispersion of MWCNTs in the polymer matrix a probe sonicator device was used with operating frequency 100 HZ for 1h. Then the solution was poured into Petri dishes and was dried in oven at 60 o C to prepare pure and filled polymeric films. After drying, the films were cut into suitable pieces for different measurements.
Physical measurements
FT-IR spectra of the prepared samples were examined by using (Nicolet iS10, USA) single beam spectrometer; which obtained in the spectral range of 4000-400 cm −1 . X-ray diffraction (XRD) patterns were obtained using PAN analytical X' Pert PRO system which using CuK α radiation (tube operating at 30 kV, Bragg's angle (2θ) in the range of 5-80°c and wavelength λ = 1.54 Å). UV-Vis absorption spectra were measured in the spectral wavelength range 200-1100 nm using spectrophotometer (T80+, UV/Vis. spectrometer, PG Instrument Ltd.) to study the changes in structures of the samples. DSC of the studied samples using (SETARAM LabsysTM TG-DSC 16, France), with measuring the temperature range from room temperature 30 O C to 700 O C and heating rate by 10 o C / min. Scanning electron microscope (SEM) which studied surface nature of the samples by using JEOL JSM-840A, operating at 30 kV accelerating voltage. Dynamic mechanical analysis (DMA) to study the improvement of MWCNTs on the blend which using Universal Testing Machine (Shimadzu UTM, Japan), at room temperature. The membrane specimens were 30 x 10 nm. Measurements carried out at the constant speed of crossheads movement (1mm / minute). Three measurements were performed at least for each sample and the mean values were reported.
Results and Discussion
FT-IR Studies
FT-IR spectra of the blend and its composites have been measured in the spectral range 4000 -400 cm -1 . FTIR spectrum of pure MWCNTs represented in Figure ( Table ( 2) [26] [27] [28] [29] . Table ( 3) [27] [28] [29] . When adding MWCNTs with different concentrations to the pure blend, the peaks at 3357, 1095 cm -1 beginning to be more boarding and the intensity of some peaks was changed such as the peaks at 2942, 1734, 1420, 946 and 826 cm -1 , and observed that the peak at 1608 cm -1 has shifted, this result confirms the good miscibility between MWCNTs and the blend films.
X-ray Diffraction
X-ray patterns of pure MWCNTs, PVA/SA biopolymer blend films and its biocomposites with MWCNTs were represented in Figures (3) and (4) respectively. It is clear that in the pure blend a sharp peak centered at 2θ = 20˚attributed to the diffraction lattice plane (110) of the semicrystalline PVA [30] . From the graphs; we can be observed that the XRD patterns of the PVA/SA/ MWCNTs biocomposites kept the characteristic peaks of pure PVA, that means the incorporation of MWCNTs did not significantly affect the crystal structure of PVA, also when the concentrations increase the intensity of the peak began to decrease and shift, this may be corresponding to the incorporation of MWCNTs with the blend in high concentrations. 
UV-Visible studies
UV-Vis spectroscopic analysis of PVA/SA blend films filled with different concentration of MWCNTs represented in the Figure (5-a) , which shows that the sharp edge in the range 200 -230 nm that shows in Figure (5-b) , was shifted to the longer wavelength with increasing MWCNTs concentration that refers to the incorporation between the PVA/SA blend and MWCNTs and also shows that no absorption peaks at longer wavelength > 230 nm.
Determination of optical energy gap (Eg):-
Using UV-visible absorption spectra, it used to examine direct and indirect transition. Using the Per-Lambert-Bauger experimental relationship to calculate the absorption coefficient (α)
where A is the absorbance, d is the thickness of the sample.
The optical band gap was detected from the spectral absorption analysis of absorption close to the absorption edge. The relation between the absorption coefficient (α) and the incident photon energy (hυ) can be determined by using Tauc's relationship [31] .
where: B is a constant, Eg is the optical energy gap, h is plank's constant, α is the absorption coefficient, ʋ represent the photon frequency and r is called the power factor of the transition mode.
The values of (r) for direct allowed, indirect allowed, direct forbidden and indirect forbidden transitions are n = 1/2, 2, 3/2 and 3, respectively. Davis et al, observed the essential band gap for direct and the indirect transition by plotting both (αhν) 1/2 and (αhν) 2 versus photon energy (hυ) in Figure 6 (a) and (b) respectively, following the equations [32] :
where: E gd is the direct band gap, h is Planck's constant, C 1 , C 2 are constants, hν is the photon energy, α is the absorption coefficient, n is an integer and E gi is the indirect band gap.
The direct band gap and the indirect band gap are listed in Table ( 
Morphology studies
A scanning electron microscope (SEM) used to investigate the surface Morphology. Figure 8 In Figure 8 the PVA/SA biopolymer blend shows the smooth appearance of the blend surface, and then by adding MWCNTs filler with different concentrations to the biopolymer blend, the surface of biocomposites become rougher and the grain size was formed. The formation of granules in polymer composite after addition the MWCNTs may be due to the attraction force between the MWCNTs surface and the polymer matrix due to the hydrophilic interphase around the tubes. The boundaries of granules formed at the tubes ends and appear at the biocomposite surface.
After that shows pools of MWCNTs on the blend in the higher concentration (0.1Wt %) that may be due to the bad dispersion of MWCNTs. That's mean the morphology of PVA/SA/MWCNTs biocomposites is affected by the addition of MWCNTs. These results agree with the XRD and energy gab values which confirm the significant change in the structural properties of the biocomposite at higher concentration of MWCNTs.
Differential scanning calorimetry
Differential scanning calorimetry is a key thermal analysis technique that used to determine the physical and chemical changes such as glass transition temperatures (Tg), phase transitions, and melting parameters (melting point Tm, thermal decomposition temperature Td). Differential scanning calorimetry (DSC) of pure PVA/SA blend and PVA/SA that doped with different concentrations of MWCNTs were presented in Figure (9 ).
The DSC curves show exothermic and endothermic peaks. For pure PVA/SA curve a small endothermic transition observed at about 91°C attributed to (Tg ) that may be ascribed to bound water in the sample prepared [33] and also due to the formation of strong intermolecular hydrogen bonding because sodium alginate has hydroxyl and carboxylate groups [34] . The thermogram shows two endothermic peaks (Tm), and (Td). Endothermic peak (Tm) observed at about 190.2°C which attributed to the melting point of PVA [35] and the other endothermic peak (Td) observed at 312.5°C. In Table ( In this table, the position of melting point (Tm) doesn't show any significant change it its values compared with the pure polymer blend. However, the values of Tm and Td show increase in their values than the pure blend except in the Tm value of sample S3. This could be due to the increase of amorphous phase in this sample. These results agree with XRD results and are confirmed by the mechanical behavior tests of the samples.
Mechanical testing
The stress-strain test was studied to know the effect of MWCNTs on the mechanical properties PVA/SA blend. The stress-strain curve of the prepared samples with MWCNTs biocomposite ratios of 0.008, 0.02, 0.05, 0.08 and 0.1 wt% was represented in Figure (10 
Conclusions
MWCNTs enhance the structural and mechanical properties of PVA/SA biopolymer blend. XRD and FTIR analysis confirmed the good miscibility of the two polymers and uniform distribution of CNTs inside the polymer matrix. The complexation between the PVA/SA and MWCNTs were shown using U.V. analysis. With increasing the MWCNTs concentrations the values of direct (Ε gd ) and indirect (Ε gi ) energy gap were decreased. The mechanical behavior was improved by increasing the MWCNTs percentage in biocomposites especially S3 sample. The physicochemical properties showed that MWCNTs with the ratio of 0.05 wt% have the optimum filler ratio. The obtained biocomposite is suitable for potential use in drug delivery and biomedical applications. 
